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ABSTRACT

The EPA is revising air emissions regulations for hazardous waste burning combustors,
specifically incinerators, cement kilns, and light weight aggregate kilns. The new emissions standards
are being developed using the “maximum achievable control technology” (MACT) approach defined
in Title 3 of the 1990 Clean Air Act Amendments. MACT standards are set for the hazardous air
pollutants (HAP) of PCDD/PCDF, mercury, semi volatile metals (cadmium and lead), low volatile
metals (antimony, arsenic, beryllium, and chromium), total chlorine (considering both HCI and
Cly), CO and hydrocarbons (not strictly HAPs, but used as surrogates for toxic organic HAPs), and
PM (again, not itself strictly a HAP, but used as a surrogate for both condensed metals and organics).
This volume documents the procedures and results of the MACT floor evaluation. This includes:
(1) procedures used to determine the MACT floor levels, (2) specifics of the MACT floor evaluation
for each HAP and hazardous waste burning source category for both new and existing sources, (3)
beyond-the-floor control techniques applicable to the different HAP and source category
combinations, and (4) achievability of the MACT floor levels.

For determining the floor for existing sources, the proposed “6% Floor” procedure is used,
which includes the following steps: (1) Stack gas emissions data is ranked by test condition average.
Stack gas emissions data from over one hundred trial burn compliance tests are used to determine
the MACT standards. Rankings are done separately for each source category and HAP combination;
(2) Control techniques used by the best 6% of sources (known as the “MACT pool”) are used to
define MACT control. This may include feedrate control as well as add-on air pollution control
equipment that is effective for the particular HAP of interest; (3) All source test conditions using
MACT (but not necessarily in the top 6% of the emissions rankings) are identified as part of the
“MACT expanded universe”; (4) The entire MACT expanded universe of conditions (facilities
using MACT control) is statistically evaluated to determine a floor level that is achievable on a
day-to-day basis by all facilities using MACT. This is determined statistically, based on the highest
emitting source in the MACT expanded universe with the consideration of variability attthe 99
percentile. MACT floor levels for new sources are determined in a similar manner, except MACT
control is define by that used bye best performing facility.

Beyond-the-floor control techniques are also evaluated. Beyond-the-floor controls are
controls which are able to achieve emission levels lower than the existing source floor levels.
Beyond-the-floor control techniques for each of the source categories and each HAP are discussed,
including a the applicability to each of the source categories and an evaluation of achievable levels
using the beyond-the-floor control techniques for the particular HAP.

The achievability of the MACT floor levels is evaluated, especially related to the feasibility

of the simultaneous achievability of all HAP floor levels, as well as the influence of conventional
fuels and raw materials contributions to stack gas emissions levels.
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SECTION 1

INTRODUCTION

The U.S. Environmental Protection Agency (EPA) regulates the burning of hazardous waste

in incinerators under 40 CFR Part 264/265, Subpart O, and in industrial furnaces under 40 CFR
Part 266, Subpart H. The Agency is proposing revised regulations applicable to these hazardous
waste combustion (HWC) devices. This document provides technical background for the MACT

floor and beyond-the-floor emissions standards that are considered for the proposed rule. Itis the
third in a series of seven volumes of technical background documents for the rule. These include:

Technical Support Document for HWC MACT Standards, Volume |: Description of

Source Categorieswvhich provides process descriptions of major design and operating
features including different process types and air pollution control devices currently in use
and potentially applicable to various combustion source categories; description of air pollution
control devices including design principles, performance and operating efficiency, process
monitoring options, and upgrade/retrofit options; and major source determination for all
sources including a discussion on the methodology used to estimate annual emissions,
assumptions used, and an emissions summary for each source listing each HAP.

Technical Support Document for HWC MACT Standards, Volume Il: HWC Emissions

Data Base which contains a summary of the emissions information on toxic metals,
particulate matter (PM), HCI and £hydrocarbons, carbon monoxide, semi-volatile and
volatile organic compounds, and dioxins/furans from HWCs. Other detailed information
encompassed in the data summary include company name and location, emitting process
information, combustor design and operation information, APCD design and operation
information, stack conditions during testing, feed stream feed rates, and emissions rates of
HAPs by test condition.

Technical Support Document for HWC MACT Standards, Volume lll: Selection of

Proposed MACT Standards and Technologidsich identifies the MACT floor for each

HAP and source category for existing sources and new sources and discusses the approach
used to define the floor and beyond-the-floor alternatives considered for the proposed rule.

Technical Support Document for HWC MACT Standards, Volume IV: Compliance with
the Proposed HWC Standardghich contains detailed discussions of continuous emissions
monitors and operating limits for the proposed rule.



Technical Support Document for HWC MACT Standards, Volume V: Engineering Costs,
which contains the cost estimates for APCD requirements for existing and new facilities to
meet the proposed emissions standards.

Technical Support Document for HWC MACT Standards, Volume VI: Development of
Comparable Fuels Specificationghich summarizes the composition including hazardous
species in benchmark fossil fuels such as gasoline, #2 fuel oil, #4 fuel oil, and #6 fuel oil.
This information is being used to develop specifications which EPA is considering to allow
comparable fuels to be excluded from the definition of hazardous waste.

Technical Support Document for HWC MACT Standards, Volume VII: Miscellaneous
Technical Issueswhich provides additional information on several topics such as the
treatment of measurements below analytical detection limits, the procedures for handling
missing data, and the rationale for grouping metals of similar volatility. The impact of these
methodologies on the proposed MACT limits, the cost estimates, and the national emissions
estimates are also discussed.

The MACT emission standards are being proposed for three types of hazardous waste
combustion facilities:

. Cement Kilns
. Lightweight Aggregate Kilns
. Incinerators (On-site and Commercial)

The hazardous air pollutants for which emission standards are proposed are:

. Mercury (HQ)

. Low \olatility Metals (LVM)
. Semi-Volatile Metals (SVM)
. Particulate Matter (PM)

. Hydrogen Chloride and Chlorine as Total Chlorine (HG)CI
. Carbon Monoxide (CO)

. Hydrocarbons (HC)

. Dioxins/Furans (PCDD/PCDF)

These emission standards are being developed through the “maximum achievable control
technology” (MACT) approach defined in Title 3 of the 1990 Clean Air Act Amendments (CAAA).
In this approach the MACT floor standard for existing facilities is established at the level of the
average performance of the best 12% of existing sources. Depending on cost effectiveness, more
stringent, but technically achievable, beyond-the-floor standards for specific HAPs are considered.

The proposed floor and beyond-the-floor standards have been selected based on a database
(described in Volume 1) of trial burn and compliance test emissions measurements from 77
incinerators, 35 cement kilns, and 12 lightweight aggregate kilns. The MACT floor has been



identified as the log mean plus a variability factor of the source with the highest emissions (based
on the arithmetic average) of those sources using emission control used by sources emitting the
HAP or HAP surrogate at below a level of the median of the best performing 12% of sources (or top
5 if there are fewer than 30 sources). These sources are called the expanded MACT pool. The
variability is a measure of the average variability among runs for those test conditions from sources
in the expanded MACT pool. This is called the “6% Floor” and is the one ultimately selected for
the proposed rule. It was selected because it ensures that all facilities with the MACT control can
meet the MACT floor.

An alternative approach discussed in the preamble to the proposed rule is the “12% Floor”.
It is based on the interpretation that the CAAA requirement of meeting the average performance of
the best 12% means the day-to-day performance achievable by the average source having the
technologies represented by the top 12% of sources. It was not selected for proposal because not all
sources having the MACT technology can meet this floor. That is, although the MACT floor
control would be the set of controls used by the best performing 12% of sources, many of those
sources are not achieving the average emissions level of the sources.

In addition to existing sources, MACT standards are also identified for new sources that
begin burning hazardous waste after the proposed regulation is in place. Analysis of the MACT
floors for these “new sources” is also provided.

This report describes in detail the procedure and rationale that was used to set the MACT
stack gas emissions standards levels. It consists of sections, including:

Section 2: Describes the procedure used to determine the MACT floor for existing sources
(using the “6% Floor” approach) and for new sources.

Section 3: Documents the MACT floor for existing sources using the “6% Floor” procedure.
Section 4: Documents the MACT floor for new sources.
Section 5: Describes the various techniques that can be used to achieve beyond-the-floor

emissions levels, their performance levels, and their applicability to the different
hazardous waste burning source categories.

Section 6: Discusses the technical feasibility of simultaneously achieving the proposed floor
and beyond-the-floor MACT standards for each source category.

APPENDIX A: Documents the MACT floor and beyond-the-floor levels that are determined
using the alternative “12% Floor” approach.

APPENDIX B: Documents an additional floor option for which costs are provided in
Volume V.
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APPENDIX C:

APPENDIX D:

APPENDIX E:

APPEDNIX F:

Discusses in detail the statistical procedure that is used to account for
within-test condition emissions variability.

Lists air pollution control device acronyms that are used.
Lists facility names and locations by EPA ID Number.
Graphical ranking plots of emissions data for all HAPs by condition ID and

source category type for all data (“entire universe”) as well as the “6% MACT
Floor” expanded universe data set, as determined in Section 3.



SECTION 2

FLOOR DETERMINATION PROCEDURES

The procedure used to determine the MACT floor levels for existing and new sources is

described in the following.

2.1

EXISTING SOURCE PROCEDURE

Two alternative procedures were considered for setting MACT floor levels: a purely statistical

approach, and a combined technology and statistical approach.

211

Consideration of Purely Statisticapproach

The preliminary approach that was considered for determining MACT-based emissions levels

for particulate matter (PM) and PCDD/PCDF from existing hazardous waste combustors (HWC) is
presented imraft Combustion Emissions Technical Resource Document (CETRED) EPA,

1994). The CETRED approach used a statistical procedure to establish “floor” emissions levels.
The approach was an attempt to conform with the language of the Clean Air Act Title [l amendments.
It was a purely statistical approach that focused on the performance of the “best performing MACT
facilities”. It involved the following procedures:

Pool all available test data for the HAP of interest from each separate hazardous waste
burning facility. This includes considering flue gas emission data from different test
conditions and different test dates from the same facility as one body of data.

Screen out unrepresentative data. For example, facilities which burn low ash content
wastes and fuels or do not use active PM air pollution control devices are not considered for
evaluation of the PM floor; facilities which use low chlorine content wastes are removed
from the evaluation of the PCDD/PCDF floor.

Based on all available test runs, the individual facilities are ranked according to a
“combined parameter” which considers both the average emissions level and the intrafacility
variability between different test runs from each individual facility. The combined parameter
for each facility is calculated as the average of all runs plus twice the standard deviation
based on all test runs.

Based on the ranking, select the best performing (lowest combined parameter) 12% of
sources (or the top 5 there are less than 30 total) as the “MACT pool”.



Statistically evaluate the MACT pool facilities to identify the MACT floor. The statistical
methodology that was considered uses a tolerance limit procedure to determine a level that
the “average” MACT pool facility could achieve 99% of the time at a 95% confidence
level. The methodology is discussed in detail in CETRED (U.S. EPA, 1994).

In CETRED, MACT floor limits were calculated for both “supersource” categories (where

all data from all of the different source categories were considered together) as well as for different
individual source category and HAP combinations. CETRED supersource limits for PM and PCDD/
PCDF TEQ were determined to be at 0.005 gr/dscf and 0.2 TEQ ng/dscm, respectively. The CETRED
approach was considered briefly for the determination of other HAP floors such as metals, HCI,
Cly, CO, and HC. After receiving comments on the CETRED approach, the purely statistical
approach that was used in CETRED for determining MACT floor levels, was dropped for the
following reasons:

2.1.2

Achievability of the statistically derived floors is fundamentally incompatible with the intent
of MACT. All facilities using MACT must be able to meet the floor. In some cases, facilities
using MACT do not happen to fall into the best performing MACT pool. Thus, if the floor
level is set based solely on facilities in the MACT pool, then these facilities which use
MACT technology and are not in the MACT pool, will not be able to meet the MACT floor.

In CETRED, it was assumed that the emissions data across source category are “normally”
distributed (in a statistical sense, as opposed to lognormally distributed). The assumed
distribution type is important since it affects the statistically derived limit. Subsequent
analyses on the individual HAPs has shown that for many, the distribution is neither normal
nor log-normal. The form of the distribution may be further complicated by the inclusion of
diverse control technologies which may have different performance characteristics.

CombinedTechnology and StatisticAlpproach

To address the concerns of the CETRED approach discussed above, a technology approach

with a statistical overlay to consider emissions variability is used to determine MACT floor levels.
This approach involves a six step analysis procedure consisting of:

Rank the stack emissions data,

Screen the stack gas emissions data,

Select the best performing MACT pool sources,

Define MACT control,

Identify the MACT expanded universe, and

Statistically evaluate the MACT expanded universe to determine the MACT floor.

2.1.2.1 Rank Emissions Data

In the first step, for each source category, HAP emissions data from different facilities and

test conditions are compiled from EPA's HWC Emissions Database. The database is described in



detail in the accompanyingechnical Support Document for HWC MACT Standards, Volume II:
HWC Emissions Data BaseThe database contains detailed results of over a one-hundred trial
burns and compliance tests from incinerators and cement and light weight aggregate kilns. All data
considered are in terms of flue gas concentrations, corrected to, &dGtandard conditions;
“non-detects” (measurements at the analytical method detection limit) are considered at the full
detection limit.

For each HAP, all individual tesbnditions are ranked from lowest to highest by the test
condition average HAP emissions concentration. When a source has emissions data for a HAP
from several different tests conditions, each test condition is considered separately. That is, for
each unit that had conducted a series of tests under different operating conditions, data generated
under one test condition is not combined with emission data of a completely separate test condition.
Each test condition is treated separately since each test condition in conducted using similar waste
types and under similar facility operating conditions (such as temperature, waste feedrate, etc.).
This is done because it is not appropriate to pool results from widely different test conditions, for
example a metals/chlorine test condition and an organics test condition. Individual test condition
averages are determined by the average of all runs within a test condition, typically three.

Rankings are done separately for each individual HAP and source category combination. A
“supersource” analysis (evaluation of a single HAP for all three source categories simultaneously)
was not considered because, although the source categories have the similarity of burning hazardous
waste, each has different characteristics and emissions profiles, making a supersource category
technically inappropriate.

MACT floor levels are identified for the metals groupings of LVM (consisting of antimony,
arsenic, beryllium, and chromium), and SVM (consisting of cadmium and lead), as opposed to
standards for each individual metal in the grouping. Also, levels are identified for total chlorine
(HCl + Clk). However, for many of the facilities, stack gas emission data are not available for all
of the species of the metals volatility group or total chlorine group. For example, many facilities
conducted stack gas sampling for chromium during trial burns, while fewer measured the other
metals in the LVM group. Likewise, almost all incinerators have HCI measurements (which are
required as part of current RCRA compliance), while relatively few haygdsl measurements
(which were not required under RCRA). Thus, the analysis may be based on a limited number of
conditions if restricted to only consider test run data which had flue gas measurements for all
components of the groupings. Instead, all runs are considered that have at a minimum, flue gas
measurements for one of the constituents in the group. In these cases, the emissions of the total
HAP group for a source is assumed to hold the same ranking (relative to other sources) as the
average of the rankings of all measured HAPs within the group. This is accomplished using the
following procedure:

. For each of the constituents of the group in question, rank all available flue gas emissions
concentrations (by individual test run) for all source categories by emissions level.
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For the constituent(s) which have flue gas measurements, determine the relative positions
(percentile rankings) in comparison to all of the other data for that constituent, using the
ranking previously determined.

Determine the average of the individual percentile rankings based on each of the
constituents for which flue gas measurement data are available.

Use the average percentile ranking for flue gas measurement(s) to determine the appropriate
values of the missing constituents by selecting the missing constituents at a level that
corresponds to the average percentile ranking for the flue gas measurements (e.g., if for
SVM, a lead flue gas measurement is available athgpé¥centile in comparison with all

other lead data, then a cadmium value is substituted that corresponds tb pleecéhtile

of all cadmium data).

The individual constituents (from both the flue gas measurements, as well as the percentile ranking
substituted estimates as described above) are added together to form a group total. Again,
measurements at non-detect levels are considered at the detection limit.

2.1.2.2 Screen Data

The conditions compiled above are “screened” (non-representative conditions are removed

from consideration in the following MACT analysis) for a variety of reasons including:

Conditions where flue gas measurements were reported as “non-detect” at high detection
levels. In these cases, the emissions level may be significantly less than that reported.
What constitutes “high” is determined in comparison with other measurements and the
detection limit that should be routinely achievable considering typical sampling time and
analytical limitations.

Conditions where flue gas sampling and/or analytical testing problems occurred (e.g., high
blank, poor recoveries, broken probes, non-isokinetic sampling, and other QA/QC problems).

Conditions with suspect mass balance or partitioning. In these cases, the feedrate. “maximum
theoretical emissions concentration” (MTEC, as described in detail in the following Section
2.1.2.4) and corresponding emissions level does not conform with expected engineering
judgement of the behavior of the particular HAP. For example, for mercury, conditions
where either the mercury emissions is significantly lower or higher than the input MTEC
feedrate are screenout out from the analysis; these conditions have either inexplicably high
system removal efficiencies (when the emissions is much lower than the feed) or negative
system removal efficiencies (when the emissions are higher than the feedrate). In these
cases, suspect mass balance or partitioning is a likely indicator of problems with feedrate
MTEC and/or flue gas emissions measurements.

Conditions which are obvious outliers (low or high) with respect to all other measurements
within the source category of interest.
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. Conditions where it is believed that the facility was operated with sub-standard design,
operation, and/or maintenance (D/O/M) practices. For example, facilities with multiple,
but apparently similar, conditions for one HAP, where some conditions are unexplainably
dramatically different than others.

. Conditions in the EPA HWC database where facilities were not burning hazardous waste
(“baseline” conditions).

. Conditions in which one of the emissions level is higher than current RCRA standard (e.g.,
conditions with individual run PM measurements higher than 0.08 gr/dscf).

2.1.2.3 Select Best Performing MACT Pool

The second step is to select the best performing sources based on the lowest average condition
stack emissions levels from the ranking performed above. These best-performing sources define
the “MACT pool”. For the proposed “6% approach” which is discussed in the main part of this
document, the MACT pool is comprised of the median (and better) of the best performing 12% of
existing sources, which is interpreted to consist of the best performing 6% of sources (or the top 3
sources, if emissions data are available on less than 30 different sources). In determining the total
number of emitting sources which the 6% (or top 3) is based on, the following is considered:

. The total number is based on the number of different emitting sources (individual
combustion unit emitting processes, e.g, different kilns on the same site would be considered
as different units). The total is not based on the number of different conditions (e.g., if an
emitting source had measured a particular HAP during multiple test conditions, the source
is considered only once when determining the total number of different emitting sources).

. When MTEC (which is described in detail shortly) is used to define the MACT technology,
if a source did not have an MTEC feedrate measurement (even though it may have had
stack gas emissions concentration measurements), it was ignored when determining the
number of total facilities for which data were available).

Additionally, when determining the MACT pool, the following were considered:

. Conditions that define the MACT pool must be from different facility sources. If
necessary, next-in-line sources are selected to obtain the required number of different sources
for the MACT pool. For example, if the MACT pool is determined to contain 3 sources,
and one source had the best performing three conditions, the MACT pool would not contain
these three test conditions from the same source. Instead, the next best performing conditions
from different facilities would be included in the MACT pool until the required number of
different facilities is reached.



If any of the facilities in the source category universe use an active air pollution control
device for the HAP of interest, then the MACT pool is expanded to contain at a minimum
one facility that uses a HAP controlling air pollution control device. For example, for the
incinerators chlorine evaluation, some facilities have low chlorine feedrates with no active
chlorine control device; but the majority of incinerators use some type of wet or dry scrubbing
device for chlorine control. Thus the MACT pool must contain at least one facility which
uses wet or dry scrubbing chlorine control. This is to avoid the possibility of defining
MACT solely based on MTEC feedrate control, as discussed further below.

2.1.2.4 Define MACT

The best performing MACT pool sources that were determined above are used to define

MACT (i.e., control schemes used by the lowest emitting sources). MACT can be defined by one
or a combination of the following:

Air pollution control technology used for the particular HAP. The definition of MACT may
be further refined by design, operation, and maintenance features of the particular control
technology that affects performance. These include:

— For electrostatic precipitators (ESPs), specific collection area (SCA) is used. Note
that as discussed in Technical Support Document Volume I, SCA may have a
significant affect on ESP performance. However, other parameters such as plateto-
plate spacing, current density, and voltage may also be applicable, but were not used
due to lack of comprehensive information on these design specifics from most
facilities using ESPs.

— For fabric filters, air-to-cloth ratio (A/C) is used to differentiate between different
fabric filter units. Again, other parameters such as cloth type, fabric age, cleaning
practices, and pressure drop may also be applicable, but were not used due to lack of
information on specific facility fabric filters.

— For wet scrubbers, no design specifics were used; instead MACT was defined by
wet scrubber class (i.e., venturi scrubbers, packed bed scrubbers, spray tower
scrubbers, etc.). Although pressure drop (for venturi and other high energy scrubbers)
as well as liquid-to-gas ratio and packing type and flue gas residence time may be
appropriate for certain wet scrubbers, which may varying greatly in design, due to
lack of detailed design information, no specific design or operating parameters are
used in the MACT analysis to further refine the definition of MACT.

Feedrate control of the particular HAP, if applicable (i.e., for chlorine and metals). Feedrate

is a direct method for controlling emissions for HAPs such as metals and chlorine. Feedrate
measurements were required for cement and light weight aggregate kiln compliance tests
and some of the more recent incinerator trial burns, and thus they are readily available.
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Feedrate measurements are converted to “maximum theoretical emissions concentrations”
(MTEC), which is an approach to normalize feedrates across sources with varying waste
burning capacities. MTEC is the theoretical flue gas emissions concentration that would
occur if all of the feed metal or chlorine partitioned 100% to the stack. For determining
MTECs for LVM and SVM metals volatility groupings, individual feedrate components of

the groupings were simply added together. Measurements reported below the detection
level were treated as measured at the full detection level. In cases where individual constituent
feed measurements were not available, it was assumed they were not present (treated as
zero content in the feed). Also, MTECs are based solely on hazardous waste feedrate
measurements. They are not based on total feedrate into the system, which may be higher
than that of the hazardous waste due to contributions from supplemental fossil fuels or raw
materials in industrial kilns. This is done to avoid identifying MACT floor levels based on
feedrate control of raw materials or conventional fossil fuels.

In cases where only feedrate control is used for control of the particular HAP, then the MACT floor
is defined by the highest MTEC used by the MACT pool sources. In cases where some sources in
the MACT pool use feedrate control only and others use feedrate control in combination with
emission control technologies, MACT is defined as either feedrate control only or combined feedrate
with emissions control technologies. In certain situations, the definition of MACT may be
complicated by different MACT pool source conditions that have conflicting APCD design features
and MTEC feedrate controls. For example, one condition in the MACT pool may have a high
MTEC and standard design features. Another condition may have a lower MTEC and substandard
design features for the same APCD type. In this case, MACT for a particular APCD type is defined
by a combination of most lenient features of both MACT pool sources (i.e., highest MTEC and
“worst” design feature).

“Equivalent (or improved) technology” may also be used to expand the definition of MACT
air pollution control technology beyond that determined by the best-performing MACT pool facilities.
Additional technologies that are not used by the MACT pool are considered as MACT if, based on
engineering judgement, they have equivalent (or better) performance to that used by the MACT
pool. Consider, for example, MACT for SVM for incinerators is determined to be a venturi scrubber
with a corresponding feedrate MTEC, and that no facilities with fabric filters, ESPs, or ionizing wet
scrubbers happen to make it into the MACT pool. Inthis case, fabric filters, ESPs, and ionizing wet
scrubbers (which are believed to have similar or improved SVM control performance compared
with the MACT venturi scrubbers) would be added to the definition of MACT (with the corresponding
venturi scrubber limiting MTEC).

2.1.2.5 Identify MACT Expanded Universe

The MACT definition is used to identify all conditions in the entire source category which
are also believed to use MACT or equivalent control schemes. This new expanded set, containing
the MACT best performing facilities as well as potentially other higher emitting facilities that use
MACT, is referred to as the “MACT Expanded Universe” (MACT EU) or “Expanded MACT
Pool”.

If MACT is defined by feedrate MTEC only, the facilities in the MACT EU must simply
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have an MTEC at or below the MACT defining level. If MACT is defined by APCD only, then the
facilities in the MACT EU must have the same or equivalent technology (with appropriate design
characteristics if known). If MACT is defined by both feedrate MTEC and APCD, then facilities in
the EU must have a combination of both lower MTEC feedrate compared with the MACdnével
equal or better APCD. Facility conditions not using MACT (using either non-MACT control
technology or higher MTEC feedrates) are not considered part of the EU.

2.1.2.6 Statistically Evaluate the MACT Expanded Universe to Determine Floor

The MACT EU that has been identified above is used to determine the MACT floor level
for each HAP and source category combination. The MACT floor level is the emissions level that
all existing sources in the MACT EU are able to achieve routinely on a day-to-day basis. The
MACT floor level is calculated using a statistical procedure that is described in detail in Appendix
C (“Statistical Analysis of Hazardous Air Pollutant Concentrations From Hazardous Waste
Combustors”). Only the results from the statistical analysis are discussed in this document. The
procedure is described briefly below.

The first step of the statistical procedure is to determine the distribution of the data in the
MACT EU for each source category and HAP combination. Note that in general the HAP data fit
a log-normal distribution better than a normal distribution; therefore all HAP distributions are
assumed to be log-normally distributed.

Next, a MACT floor “design” level is determined as the log-mean of the source condition in
the MACT EU with the highest arithmetic mean. The MACT “standard” level is determined as the
design level with the additional consideration of typical emissions variability. Emissions variability
is statistically estimated, given that the database consists of short term “snap-shots” of emissions
levels. The statistical approach identifies the MACT floor standard that a source emitting at the
“design” level and having average with-in test condition variability (determined by sources in the
MACT EU) could be expected to meet 99% of the time (standards based on the S0@erd O&tile
limits were also calculated). The delta-lognormal methodology is used for analysis. This
methodology is advantageous since it allows for the consideration of detected versus non-detected
samples (i.e., less weight given to non-detect sample measurements), and the variability factor
considers the average variability among runs with-in test conditions in the MACT EU (i.e., it does
not consider variability between different sources test conditions).

In a few situations, results of the statistical analysis are not used; instead, floor levels are
proposed at the level of the current federally enforced EPA RCRA standard (e.g., HC for cement
kilns at the main stack at 20 ppmv).

2.2 NEW SOURCE PROCEDURE

For new sources, the standards for a source category cannot be less stringent than the emission
control that is achieved in practice by the best-controlled similar source. The approach to determine
the MACT floor for new sources parallels in almost all ways to that described above for existing
sources (the Combined Technology and Statistical Approach), except for one difference. The
determination of the MACT is defined llye best performing source, not the top 6% (the median
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and better of the best performing 12%). All other procedures are similar for the new floor
determination compared with the existing floor evaluation methodology.



SECTION 3

EXISTING SOURCES FLOOR DETERMINATIONS

MACT floor levels for existing sources using the proposed “6% Floor” approach described

in Section 2 are discussed for each of the HAP (or HAP surrogate) and source category combinations.
The discussions include, for each combination:

Summary tables of all test condition stack gas emissions data from the HWC database
presented in the accompanyiigchnical Support Document for HWC MACT Standards,
Volume 1I: HWC Emissions Data Base

HAP control techniques used by the existing sources.
The range of emission levels for the entire source category.

Identification of the best-performing MACT pool sources, the range of emissions levels of
the best performing sources, MACT technologies used by the best performing technologies
(used to define MACT), and discussion of “equivalent technologies” used to expand the
definition of MACT if appropriate.

Identification of the MACT expanded universe (EU) facilities based on the definition of
MACT. The range of emissions levels in the EU. Adiscussion of the reasons that conditions
were not included in the EU.

The existing source MACT design and standard level based on the statistical analysis of the
MACT EU population of source test conditions.

The summary ranking tables for each of the HAP and source category combinations are used to
define the MACT pool, determine the expanded universe, and screen out conditions. The tables
contain the following columns of information for each test condition (row entry) from left to right
across the table:

“Subst” — Defines the HAP of interest (“PM” stands for particulate matter, “TEQ” stands
for PCDD/PCDF TEQ, “SVM” for semi-volatile metals, “LVM” for low volatility metals,
“TOT CL” for total chlorine, “CO” for carbon monoxide, and “HC” for hydrocarbons).

“Syst Type” — Defines the source category type (“INC” for incinerators, “CK” for cement
kilns, and “LWAK?” for light weight aggregate kilns).
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“EPA Cond ID” — Defines the test condition identification number corresponding to the
ID number used in the EPA HWC database. The first three digits identify the combustion
source emitting point (each emitting source must have its own stack), followed by the test
condition ID number (e.g., “C2” stands for test condition number 2). The test condition ID
is required since some facility emitting points have a number of different test conditions for
the same HAP. Facility name and locations corresponding to the three digit ID codes are
given in Appendix E.

“APCS” — Identifies the devices used in the air pollution control system. An acronyms list
for the various devices is provided in Appendix D and in accompaiigicignical Support
Document for HWC MACT Standards, Volume II: HWC Emissions Data Base

For PCDD/PCDF only, “APCS Class” — ldentifies the type of air pollution control system
used, depending on whether the flue gas is saturated prior to the primary PM control device.
A “w” stands for a wet type (flue gas is saturated at the primary PM control device), “d” for
dry (the flue gas temperature is maintained above the saturation point in the primary PM
control device), or w/d” for wet/dry (the air pollution control system utilizes both wet and
dry PM control devices).

For PCDD/PCDF only, “PM APCD Temp” — This identifies the flue gas temperature at the
primary PM APCD. It is used for PCDD/PCDF to define MACT.

For total chlorine, and metals groupings (SVM, LVM, and mercury), “MTEC” — MTEC is
used to define MACT and determine the MACT EU. The MTECs shown consider that
contributed by hazardous waste only, and do not include that from the raw materials or
supplemental fuels. MTECs are used in the MACT process; the procedure for determining
MTECs is described in detail in Section 2 of this volume.

“Stack Gas Conc” — Stack gas emissions concentrations of the HAP of interest for the test
condition. Average (“Avg”) of all the individual runs (usually three) in test condition, as
well as the maximum (“Max”) and minimum (“Min”) of the individual run levels are
provided. Note that the test conditions are ranked, lowest to highest, by condition average.

“Comments” — ldentifies for each test condition the following:
— “MACT source” — Used if the condition is one of the best-performing MACT
sources (in MACT pool), and is used to define MACT. The HAP control method

used by the condition follows in the parenthesis.

— “Already MACT source” — Used if a condition from the same facility has already
been included in the MACT pool.

— “In” — Used if the condition is considered as part of MACT expanded universe.
The reason is included in the parenthesis.
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— “Out” — Used if the condition is not considered as part of the MACT EU. Reasons
are given following. For example, “Not MACT” signifies that the condition does
not use MACT technology; “Poor MB” signifies that the condition has a poor mass
balance; “HW not burned” signifies that this is a baseline condition where hazardous
wastes are not burned; “DL measurement” is used when the measurement level of
the stack gas is at the analytical detection limit.

3.1 PCDD/PCDF TEQ
3.1.1 Incinerators

Table 3-1 summarizes all PCDD/PCDF TEQ condition data from HWIs, ranked by condition
average. Condition data are from 24 different HWIs. Condition averages range widely from 0.005
to 38.5 TEQ ng/dscm. PCDD/PCDF is controlled from incinerators by a variety of techniques
including:

. Maintaining good combustion conditions (limiting generation of PCDD/PCDF precursors,
which may be indicated by flue gas CO and HC levels).

. Rapid flue gas quenching and limiting PM air pollution control device temperature (to
prevent the low-temperature catalytic formation process).

. Use of PM air pollution control devices to capture condensed and adsorbed particulate
PCDD/PCDF, and use of activated carbon to collect (adsorb) PCDD/PCDF from flue gas
(only one facility, source 222, currently uses carbon injection).

The MACT pool contains 3 facilities. The MACT pool sources have average condition
emissions levels of less than 0.01 TEQ ng/dscm. All of the best-performing MACT pool facilities
use guenching of the hot gases from the combustion chamber to saturation conditions, followed by
wet scrubbing air pollution control systems for primary PM control and acid gas control (at which
flue gas temperatures are typically below 290 The control of flue gas temperature may inhibit
the formation of PCDD/PCDF downstream of the combustion system; PCDD/PCDF has been shown
to form in PM control devices operating at temperatures of from 400 t6.780ACT is defined as
the control of the primary PM air pollution control device temperature belofF400

Based on the above definition of MACT for PCDD/PCDF control, the MACT expanded
universe contains all HWIs using primary PM control device temperature bel6fu 408 MACT
EU contains conditions with a large range of PCDD/PCDF levels, from 0.005 to 38.5 TEQ ng/
dscm. This indicates that the air pollution control device system type (and flue gas temperature
profile and quenching rate) may not be the only important considerations affecting PCDD/PCDF
control; other factors such as combustion quality and waste composition (such as the level of PCDD/
PCDF precursors and formation/destruction catalysts) may also be of importance. However, these
parameters are difficult to quantify for the definition of MACT.



The majority of conditions in the EU have levels less than 0.7 ng/dscm; while greater than
50% have levels less than 0.2 ng/dscm. However, there are a couple of relatively high emitters.
Additionally, only two types of facilities in the MACT EU have emissions levels above 3.5 TEQ
ng/dscm: those burning substantial levels of known PCDD/PCDF precursors, or those equipped
with waste heat boilers.

Source 330, with two test conditions that have an average greater than 34 TEQ ng/dscm,
uses the MACT rapid wet quench and wet scrubbing APCS. It burns waste oils with high extremely
high levels of PCBs (30% by weight). The combustor was operating at good combustion conditions
(greater than 2006, greater than 2 seconds combustion gas residence time, greater than 99.9999%
PCB destruction efficiency). However, the PCBs may lead to the formation of PCDD/PCDF either
by themselves or by PICs generated during their combustion acting as formation precursors.

Source 229 uses a waste heat boiler followed by a wet quench and wet scrubbing system.
Facilities using waste heat boilers or other types of heat exchangers (for flue gas cooling and/or
energy recovery purposes) followed by wet scrubbing systems have been included in the MACT
EU. However, it has been hypothesized that boilers and other types of heat exchangers may provide
conditions leading to low-temperature catalytic formation (due to particulate hold-up on heat
exchanger tubes and slow gas cooling through the catalytic PCDD/PCDF formation temperature
region). Waste heat boiler equipped incinerators using wet PM control systems have emissions
ranging from 0.4 to 8 TEQ ng/dscm. Additionally, it is noted that wastes spiked with high levels of
carbon tetrachloride and hexachlorobenzene were used during the trial burn for source 229; once
again, these suspected PCDD/PCDF precursors may also be responsible for the high PCDD/PCDF
levels.

Statistical analysis of the MACT EU provides a design level of 20 TEQ ng/dscm with a
corresponding standard of 40 TEQ ng/dscm. Note that the floor may also be expressed as primary
PM control device temperature control to below 400Additionally, note that over 50% of the
conditions in the entire database currently meet a level of 0.2 TEQ ng/dscm.

3.1.2 Cement Kilns

Table 3-2 summarizes all PCDD/PCDF TEQ test condition data from CKs, ranked by
condition average. The data are from 27 different CKs. Condition averages range widely from
0.004 to nearly 50 TEQ ng/dscm. All of the control techniques discussed above for incinerators
may also be applicable for the control of PCDD/PCDF in CKs. Presently, PCDD/PCDF in CKs is
controlled (inadvertently, generally) primarily by limiting PM air pollution control device temperature
(to prevent the low-temperature catalytic formation process) and use of particulate matter air pollution
control devices (to capture condensed and adsorbed particulate PCDD/PCDF). Carbon injection
and flue gas quenching are not used, although some kilns are evaluating the use of flue gas quenching
(and reduced PM control device temperature) for controlling PCDD/PCDF. Many factors potentially
affect PCDD/PCDF formation in a cement kiln (e.g., formation may occur in the kiln or preheater
unit). However, reducing flue gas temperature in the PM control device is one factor shown to have
a significant impact on PCDD/PCDF formation (e.g., EPA, 1994; EER, 1995). Additionally, recently



testing on a hazardous waste burning cement kiln has shown that PCDD/PCDF is not present at
significant levels prior to the APCD (EER, 1995).

The MACT pool contains 3 facilities. The facilities have condition averages less than 0.02
TEQ ng/dscm. MACT for CKs is defined by limiting the primary PM control device (ESP or FF)
temperature. Also, although PM control device type and efficiency may be related to PCDD/PCDF
control as mentioned above, it is not believed to be of importance compared with APCD temperature.
Thus, MACT for CKs is determined by the maximum PM air pollution control device temperature
used by sources in the MACT pool. The MACT limit temperature, based on source 207C1, is
418F.

The MACT expanded universe contains all conditions with PM air pollution control device
temperatures below the MACT limit of 418 The majority of kilns in the MACT EU are low
emitters; all except 1 facility has a condition average below 0.8 TEQ ng/dscm; 75% of the facilities
in the MACT EU are below 0.2 ng/dscm. However, one facility with low APCD temperature
(source 203C1) is emitting at a much higher level (5 TEQ ng/dscm). Therefore although temperature
in general seems to be a good indicator of PCDD/PCDF levels, in some cases the general trend of
low PCDD/PCDF with low temperature does not hold.

The statistically derived MACT floor analysis of the MACT EU provides a design level of
4 TEQ ng/dscm, and a standard of 8 TEQ ng/dscm. Additionally, the floor may be expressed as
controlling PM APCD flue gas temperature to below#L8\ote that 75% of the existing sources
with PM APCD temperature below 4B8currently achieve emission levels of below 0.2 TEQ ng/
dscm.

3.1.3 Light WeightAgaregate Kilns

PCDD/PCDF stack gas emissions measurements were obtained for only one facility
(conditions 336C1 and 336C2). The data indicated an average test condition emission level of 0.04
TEQ ng/dscm. Due to the lack of PCDD/PCDF data for LWAKS, and because of certain design and
process similarities between LWAKs and cement kilns that may affect PCDD/PCDF emissions,
such as high inlet PM grain loading, similar APCDs, and concurrent kiln operation (raw materials
fed at the cold end of the kiln) leading to similar kiln temperature profiles (and possibly organics
gas content), the PCDD/PCDF data from the LWAKs and cement kilns were pooled to determine
floor levels. Therefore, identical PCDD/PCDF MACT floor levels for both LWAKs and cement
kilns. The determination of this floor level is discussed above for existing cement kilns in greater
detail.

3.2 PARTICULATE MATTER
3.2.1 Incinerators
Table 3-3 summarizes all particulate matter (PM) test condition data from HWIs, ranked by

condition average. The data are from 73 different incinerators. Condition averages range widely
from 0.00002 to 1.9 gr/dscf. PM is controlled from HWIs with a wide range of techniques; some



with a combination of multiple state-of-the-art device such as FF, ESPs, and novel wet scrubbers
(e.g., IWS, hydrosonic, etc.). Many of the liquid injection types use only conventional venturi
scrubbers. A couple sources use no active add-on APCD, relying instead on waste ash feedrate
control.

The MACT pool is comprised of 5 sources (6% of all sources in the database). All MACT
pool sources control PM to less than 0.001 gr/dscf on average. MACT is defined by the use of the
following PM APCDs:

. FF with air-to-cloth ratio less than 10 acfrafbased on source 350C3).
. IWS and VS (based on source 354C1). ESP is considered as equivalent technology.

The MACT EU contains sources with test condition averages up to 0.03 gr/dscf. Conditions
not making it into the EU do not have the appropriate MACT PM control technology. Statistical
analysis of the MACT EU provided a floor design level of 0.038 gr/dscf, with a corresponding
standard level of 0.107 gr/dscf. Almost all facilities would meet this standard. Note that currently,
HWiIs are subject to a RCRA standard of 0.08 gr/dscf.

3.2.2 Cement Kilns

Table 3-4 summarizes all PM test condition data from CKs, ranked by condition average.
The data are from 34 different CKs. Condition averages range widely from 0.001 to 0.21 gr/dscf.
Cement kilns typically have a high uncontrolled grain loading (greater than 30 gr/dscf); finely
pulverized raw material fed to the kiln is entrained in the flue gas entering the control device. FFs
and ESPs are used for PM control. Wet process kilns have traditionally used ESPs; all but one of
the wet kilns uses currently uses an ESP. However, there is no technical reason as to why wet kilns
can not use fabric filters, as discussed further in Section 5. Dry kilns use both FFs and ESPs.

The MACT pool consists of 3 sources. These sources have emissions levels below 0.003
gr/dscf on average. They all use FFs for PM control with an air-to-cloth ratio of less than 2.3 acfm/
ft2, defining MACT. The MACT EU contains all FF conditions with an air-to-cloth ratio less than
2.3 acfm/fe. ESPs are not identified by MACT; however, well designed and operated devices can
easily achieve these levels. The MACT EU contains conditions with average levels up to 0.05.
Statistical analysis of the EU provides a MACT design level of 0.032 and a MACT standard of
0.065.

New Source Performance Standards for cement manufacturing plants (non-hazardous waste
burning kilns) establish a PM standard for new CK sources of 0.3 Ibs PM per ton of raw material
feed (on a dry basis) to the kiln (40 CFR Part 60.62). This equates approximately to a stack gas
concentration level of 0.03 gr/dscf. Because this performance standard is a federally enforceable
limit that many CKs are currently subject to (the standards were promulgated in 1971), this 0.03 gr/
dscf level standard, not the statistically-derived limit discussed above, is chosen to represent the
MACT floor level. This level is achievable by about 60% of the existing hazardous waste burning
CKs.
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3.2.3 Light WeightAggregate Kilns

Table 3-5 summarizes all PM test condition data from LWAKS, ranked by condition average.
The data are from 12 different LWAKs. Condition averages range from 0.0005 to 0.02 gr/dscf.
Like CKs, LWAKSs have high grain loading in flue gas. All use FFs for PM control; one uses a FF
with a VS.

The MACT pool consists of 3 sources. These sources have emissions levels below 0.006
gr/dscf on average. They all use FFs for PM control with an air-to-cloth ratio of less than 2.8 acfm/
ft2, which defines MACT. The MACT EU contains all FF conditions with an air-to-cloth ratio of
less than 2.8 acfmAt The MACT EU contains conditions with average levels up to 0.02 gr/dscf.
Statistical analysis of the EU provides a MACT design level of 0.024 gr/dscf and a corresponding
MACT standard of 0.05 gr/dscf.

3.3 MERCURY
3.31 Incinerators

Table 3-6 summarizes all mercury test condition data from HWIs, ranked by condition
average. The data are from about 29 different HWIs. Condition averages range widely from 0.1 to
1,400 pg/dscm flue gas measurements. Mercury emissions from HWIs are controlled through
feedrate control and/or use of air pollution control devices. Carbon injection is used on one facility
as discussed above for PCDD/PCDF; however, no performance data for mercury control is available.
Wet scrubbers, which have limited capture ability for certain soluble forms of mercury species
(primarily mercury salts), are used by almost all HWIs.

The MACT pool is comprised of the top 3 sources. These sources have condition average
emissions levels of less than f@dscm. One source uses feedrate control; the others use feedrate
control with wet scrubbing. MACT is defined as either feedrate control with an MTEC less than 19
pg/dscm (based on source 341C2), or a wet scrubber with a feedrate control MTEC less than 51
(based on source 221C5).

The MACT EU contains sources with test condition averages up fm/A48cm (source
902C1). This source uses a wet scrubber, but unlike that in the MACT pool, the wet scrubber did
not demonstrate mercury control. All but 2 of the conditions in the EU have emissions levels less
than 20ug/dscm. Conditions not making it into the EU had either MTECs higher than the MACT
limit (the limit depends on the use of wet scrubbing), or mass balance problems (stack emissions
significantly higher than the feedrate MTEC measurements, such as 327C2, indicating that the
reported MTEC is in question).

The floor design level is determined to beug7dscm, with a corresponding standard level

of 130pg/dscm. About 70% of conditions in the entire HWI universe currently meet this design
level using feedrate with or without mercury emissions control devices (wet scrubbers).
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3.3.2 Cement Kilns

Table 3-7 summarizes all mercury test condition data from CKs, ranked by condition average.
The data are from 25 different CKs. Condition averages range widely from 3 {ogG&m.
Note that source 301C1 is shown in the ranking tables having an average emissions level of 3,000
pg/dscm; this was the level that was measured during the trial where a significant amount of mercury
was spiked into the waste. Further assessment of this facility has determined that in normal
operations, much lower mercury feedrates are used; it is assumed that the facility has a waste feed
MTEC of 200ug/dscm which is typical of the other hazardous waste burning cement kilns, and a
total emissions level of 60Qg/dscm when considering mercury from the raw materials and
supplemental fossil fuels.

Mercury system removal efficiencies (SRESs) (determined as one minus the measured stack
gas mass emissions rate of mercury divided by the input system mass emissions rate (MTEC)) in
CKs range from 0 to more than 90%. Because mercury is a volatile compound at the typical
operating temperature of PM control devices (ESPs and FFs), collection of mercury in these control
devices is highly variable. Typically, most of the mercury exists in the kiln system as volatile stack
emissions; and only a small fraction partitions to the clinker product or the captured APCD dust
(cement kiln dust). Therefore, itis assumed that mercury is not currently being actively controlled
in hazardous waste burning CKs by any other means than control of the mercury content in the
hazardous waste feed.

As discussed above, due to the variability of system removal performance and expected
volatility of mercury, MACT for mercury control in CKs is defined as hazardous waste feedrate
control only. The MACT pool is comprised of the top 3 sources. These sources have average
emissions levels of less tharu§/dscm. MACT is defined as feedrate control with a hazardous
waste MTEC less than 1Q8)/dscm (based on source 406C1).

The MACT EU contains sources with test condition averages up fm/@8cm (source
208C2). Conditions not making it into the EU have hazardous waste MTECs that are higher than
the MACT limit, have mass balance problems (stack emissions significantly higher than the feedrate
MTEC measurements, such as 305C3, indicating that the reported MTEC is in question), or were
not operating with hazardous waste during the testing period.

The floor design level is determined to be@fldscm, with a corresponding standard level
of 130ug/dscm. Over 75% of conditions in the entire CK universe currently meet this design level.

3.33 Light WeightAggregate Kilns

Table 3-8 summarizes all mercury test condition data from LWAKSs, ranked by condition
average. The data are from 10 different LWAKs. Condition averages range widely from 0.4 to 560
pg/dscm. All except one LWAK uses hazardous waste feedrate control; source 307 uses a VS that
achieves about 75% mercury control.



Similar to CKs discussed above, the top 3 MACT pool sources utilize hazardous waste
feedrate control. These MACT pool sources have condition average emissions levelsjmgglow 9
dscm. MACT is defined based on feedrate control used by the highest MACT pool source. The
MACT feedrate control MTEC level is J#/dscm (based on source 313C1).

The MACT EU contains all conditions with feedrate MTECs less than the MACT defining
level of 17ug/dscm. The highest condition average in the EU jgg8®scm (source 223C1). The
MACT floor design is determined to be @g/dscm, while the associated MACT standard iggr2
dscm. All facilities except source 307 currently meet this design level.

3.4 SEMI VOLATILE METALS
341 Incinerators

Table 3-9 summarizes all SVM test condition data from HWIs, ranked by condition average.
The data are from 42 different HWIs. Condition averages range widely from 1.5 to almost 30,000
pHg/dscm. SVMs (cadmium and lead) are volatile at the typical temperatures within the incinerator
chamber, but usually condense onto the fine particulate at the PM APCD temperatures where they
are collected. Thus, the control of SVM emissions is related to PM control. Additionally, because
of the potential for adsorption for these metals onto the fine PM that is less effectively collected
than large particulate, the control efficiency for SVM is lower than that for total PM. SVM in
HWIs is controlled with a combination of both feedrate control and PM air pollution control device.

The MACT pool is comprised of the top 3 sources. These sources have average emissions
levels less than gg/dscm. These sources, defining MACT, use:

. VS with an MTEC of 1.7x1®ug/dscm (based on source 500C1). Any PM control device
is considered as equivalent technology.

. ESP and WS combination with an MTEC of 5.8Xi§/dscm (based on source 340C1).

. VS and IWS with an MTEC of 4.9x2@ug/dscm (based on source 354C1). FFs are
considered as equivalent technology.

The MACT EU contains sources with test condition averages up tegl@8cm. The floor
design level is determined to be 3&f)dscm, with a corresponding standard level of &y@scm.
About 65% of conditions in the entire existing source universe currently meet this design level,
even though many of these facilities do not use MACT.

3.4.2 Cement Kilns

Table 3-10 summarizes all SVM test condition data from CKs, ranked by condition average.
The data are from 34 different CKs. Condition averages range widely from 4 to.@/@3@m.



SVM behavior and control is in some respects similar to that discussed for incinerators; SVM in
CKs is controlled with a combination of both feedrate control and PM air pollution control devices
(either FF or ESPs). Additionally, constituents of the cement making process may act to bind up
the SVMs in the cement clinker product, providing additional control. Note that SVM system
removal efficiencies (SRE) in cement kilns typically range from 99 to 99.9%, with some greater
than 99.99%, depending on factors such as feedrate MTEC level, APCD type, and other system
operating characteristics such as the use of kiln dust recycling.

The MACT pool is comprised of the top 3 sources. These sources have average emissions
levels less than Ag/dscm. All 3 sources use FFs. MACT is defined as a FF with an air-to-cloth
ratio of less than 2.1 acfnéfand MTEC of less than 8.4x4g/dscm (based on source 316C1).

The MACT EU contains sources with test condition averages up fm/83cm (source
303C3). Conditions not making it into the EU either do not use FFs, or use FFs with hazardous
waste MTECs that are higher than the MACT limit or air-to-cloth ratios higher than 2.1. The
MACT floor design level is determined to be |3¢/dscm, with a corresponding standard level of
57 pg/dscm. About 35% of conditions in the entire universe currently meet this design level.

343 Light WeightAggregate Kilns

Table 3-11 summarizes all SVM test condition data from LWAKSs, ranked by condition
average. The data are from 10 different LWAKs. Condition averages range widely from 1 to over
1,600pg/dscm. SVM behavior and control is similar to that discussed above for HWI and CKs.
SVM in LWAKSs are controlled with a combination of both feedrate control and PM air pollution
control device. SVM SREs in LWAKS, as in CKs, range typically from 99 to 99.9%, with some as
high as 99.99%.

The MACT pool is comprised of the top 3 sources. These sources have average emissions
levels less than gg/dscm. All three sources use FFs. MACT is defined as the use of an FF with
air-to-cloth ratio less than 1.5 acfr@a/tind an MTEC of less than 2.7®¥1fdg/dscm (based on
source 225C1) or a combination of FF and VS with the FF at an air-to-cloth ratio less than 4.2 and
an MTEC less than 5.4x2Qbased on source 307C4).

The MACT EU contains sources with test condition averages updg@d4cm. The MACT
floor design level is determined to be pg/dscm, with a corresponding standard level ofid2
dscm. About 50% of conditions in the entire existing source universe currently meet this design
level.
3.5 LOW VOLATILE METALS
3.5.1 Incinerators
Table 3-12 summarizes all LVM test condition data from HWIs, ranked by condition average.

The data are from 41 different HWIs. Condition averages range widely from 4 to over 13§,000
dscm. LVM are relatively non-volatile at the typical temperatures within the incinerator chamber,
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thus, the control of LVM emissions is related primarily to PM control; although feedrate is also
important. LVM in HWIs are controlled with a combination of both feedrate control and PM air
pollution control devices.

The MACT pool is comprised of the top 3 sources. These sources have average emissions
levels less than gg/dscm. These sources, defining MACT, use:

. VS with an MTEC of 1x18ug/dscm (based on source 500C1). Any PM control device is
considered as equivalent technology.

. IWS with an MTEC of 6.2x1®9ug/dscm (based on source 348C1). FF and ESPs are
considered as equivalent technology.

The MACT EU contains sources with test condition averages up tpdldScm (source
221C4). The floor design level is determined to be dd/dscm, with a corresponding standard
level of 210ug/dscm. About 80% of conditions in the entire existing source universe currently
meet this design level, even though many of these facilities do not use the MACT floor defining
control schemes.

352 Cement Kilns

Table 3-13 summarizes all LVM test condition data from CKs, ranked by condition average.
The data are from 34 different CKs. Condition averages range widely from 4 pg/6B8m. As
discussed for HWIs, LVMs are relatively non-volatile at the typical temperature of the kiln. LVM
in CKs is controlled with a combination of both feedrate control and PM air pollution control
device. Note that LVM SREs in CKs typically are greater 99.95%, with some above 99.99%.

The MACT pool is comprised of the top 3 sources. These sources have average emissions
levels less than gg/dscm. Two of the sources use FFs, and one uses an ESP. MACT is defined as
either a FF with an air-to-cloth ratio of less than 2.3 actrafftl a MTEC of less than 1.4)8@g/
dscm (based on sources 320C1 and 316C2, which have a maximum MTEC ofofetDESP
with a specific collection area (SCA) greater than 3§Rdtfm with an MTEC less than 1.4)8L.0
pg/dscm (based on source 204C1). Note that the FF with an air-to-cloth ratio of 2.3 is beleived to
have equivalent (or better) performance compared with the ESP with an SCA of 350; therefore the
higher MTEC associated with the ESP source 204C1 is applied as well to the FF MACT definition.

The MACT EU contains sources with test condition averages up jig/@8cm (319C1).
The floor design level is determined to beu@j7/dscm, with a corresponding standard level of 130
pg/dscm. Over 80% of conditions in the entire existing source universe currently meet this design
level.

353 Light WeightAggregate Kilns

Table 3-14 summarizes all LVM test condition data from LWAKSs, ranked by condition
average. The data are from 10 different LWAKs. Condition averages range from 10pig/ 289
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dscm. LVM behavior and control is similar to that discussed above for HWI and CKs. LVM in
LWAKSs is controlled with a combination of both feedrate control and PM air pollution control
device. SREs for LVM in LWAKS are also, like cement kilns, typically greater than 99.9%, with
some above 99.99%.

The MACT pool is comprised of the top 3 sources. These sources have average emissions
levels less than 3ig/dscm. All three sources use FFs. MACT is defined as a FF with air-tocloth
ratio less than 1.8 acfmifand a MTEC of less than 4.6x10g/dscm (based on source 312C1).

The MACT EU contains sources with test condition averages up fogZ88cm. The floor
design level is determined to be 28f)dscm, with a corresponding standard level of Bgfdscm.
All of the conditions in the entire existing source universe currently meet this design level.

3.6 TOTAL CHLORINE (HCI + C§)
3.6.1 Incinerators

Table 3-15 summarizes all total chlorine test condition data from HWIs, ranked by condition
average. The data are from 59 different sources. Condition averages range widely from 0.1 to
1,000 ppmv. Almost all HWIs use some type of wet scrubbing for the control of chlorine. Wet
scrubbing devices include venturi-types, packed towers, spray towers, ionizing wet scrubbers, and
free-jet and hydro-sonic scrubbers. A couple use dry or semi-dry scrubbing either by themselves or
in combination with wet scrubbing. A couple do not use any add-on chlorine gas control systems,
instead relying on chlorine feedrate control.

The top 4 MACT pool sources (6% of the data sources) use wet scrubbers for chlorine
control. This includes combinations of venturi and packed bed scrubbing, and hydrosonic scrubbing
by itself. These MACT pool sources have condition average emissions levels below 0.3 ppmv.
MACT is defined based on feedrate control used by the highest MACT pool source in combination
with wet scrubbing. The MACT feedrate control MTEC level is 2.Txifddscm (based on source
808C2).

The MACT EU contains all conditions with feedrate MTEC less than the MACT defining
level of 2.1x10@ pg/dscm in conjunction with wet scrubbing. The highest condition average in the
expanded universe is at 70 ppmv. The MACT floor design level is determined to be 96 ppmv, while
the associated MACT standard is 280 ppmv. About 90% of all test conditions in the entire source
category universe meet this design level. Facilities not included in the EU include those not using
wet scrubbing, as well as those using wet scrubbing with MTECs above the MACT defining level.

3.6.2 Cement Kilns

Table 3-16 summarizes all total chlorine test condition data from CKs, ranked by condition
average. The data are from 33 different CKs. Condition averages range widely from 0.1 to 220
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ppmv. No hazardous waste burning CKs currently use a dedicated control device designed
specifically to remove chlorine from the flue gas (e.g., wet or dry scrubbers). Most of the chlorine
generated during combustion of chlorine-containing hazardous wastes is neutralized by the highly
alkaline particulate resulting from the use of limestone in the cement making process. In effect, the
kiln itself is a dry scrubbing process. As shown in Table 3-16, chlorine system removal efficiencies
in hazardous waste burning CKs ranges from 60 to 99+%, with most greater than 95%.

MACT for chlorine control in CKs is defined by chlorine feedrate control (although in
general FF-equipped kilns tend to have increased levels of chlorine control, possibly due to the
filter cake build-up of acid gas absorbing entrained cement kiln dust). The top 3 MACT pool
sources have condition average emissions levels below 0.7 ppmv. MACT is defined based on the
highest feedrate MTEC used by a MACT pool source (source 204C2, with a chlorine MTEC of
1.6x10® pg/dscm).

The MACT EU contains all conditions with feedrate MTEC less than the MACT defining
level of 1.6x16 pg/dscm. The highest condition average in the EU is at 220 ppmv, which is also
the highest emitting source in the entire source category. The MACT floor design level is determined
to be 270 ppmv, while the associated MACT standard is 630 ppmv. All test conditions meet this
design level. Facilities not included in the EU include those with MTECs above the MACT defining
level.

3.6.3 Light WeightAggregate Kilns

Table 3-17 summarizes all total chlorine test condition data from LWAKS, ranked by condition
average. The data are from 10 different LWAKs. Condition averages range widely from 13 to
2,000 ppmv. One source (307) uses a wet scrubbing VS for the control of chlorine. Dry scrubbing
for chlorine control is believed to be used on the Solite Carolina and Florida facilities; however,
control efficiency is unclear due to conflicting trial burn results. For all other LWAKS, which use
FF alone, feedrate control is the chlorine control method.

The best performing top 3 MACT pool sources use a combination of feedrate control and
wet venturi scrubber as well as feedrate control alone for chlorine control. These MACT pool
sources have condition average emissions levels below 853 ppmv. MACT is defined as either the
use of wet scrubbing with a feedrate control MTEC of 1.4xti@sed on source 307C2) or feedrate
control alone with an MTEC level of 1.5x8g/dscm (source 314C1).

The MACT EU contains all conditions with feedrate MTEC less than the MACT defining
level of 1.5x16 pg/dscm; there are no other facilities in the universe that use wet scrubbing beyond
that in the MACT pool. The highest condition average in the expanded universe is 1,347 ppmv.
The MACT floor design level is determined to be 1,400 ppmv, while the associated MACT standard
is 2,100 ppmv. About 90% of all test conditions meet this design level.
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3.7 TRACE ORGANICS SURROGATES
3.7.1 Incinerators
3.7.1.1 Hydrocarbons

Tables 3-18 and 3-19 summarize all HC run average (RA) and HC maximum hourly rolling
average (MHRA) test condition data from HWIs, ranked by condition average (also shown in
Figures 3-3 and 3-4). The HC (RA) data are from 31 different sources and ranges widely from 0.2
to 36 ppmv. The HC (MHRA) data are from only 3 sources and ranges from 2 to 43 ppmv. HC is
controlled from HWIs by maintaining “good combustion design, operating, and maintenance
practices” (GCP-D/O/M) which may include providing adequate excess oxygen and fuel and air
mixing, blending of wastes and fuels to avoid combustion “spikes”, maintenance of high temperature
and adequate flue gas residence time at temperature, operation of the facility by qualified operators,
periodic maintenance of burners and fuel and supply lines and injection nozzles to the recommended
standards, and/or use of combustion gas afterburning.

The best performing sources have HC levels of less than 1 ppmv. MACT for HC is defined
as GCP-D/O/M described above. It has not been attempted to quantify the GCP-D/O/M used by
these best-performing facilities; even if it was, it may be of limited use in determining the MACT
EU without a detailed evaluation of each test condition. Therefore, a quantitative evaluation of the
entire universe, combined with engineering judgement on what HC level is reasonably achievable
by well operated and designed facilities, is used to determine the floor level.

All source category test conditions are shown in Figures 3-3 and 3-4. A sharp break in the
run average plot occurs at source 706C1, having a test condition average level of 6 ppmv. Other
conditions to the right of this source on the plot (having higher test condition averages) are considered
as not having been operated with GCP-D/O/M. Thus the MACT EU is determined as all test
conditions with test averages below that of source 706C1 (all conditions to the left of source 706C1
on the plot). Statistical evaluation of this EU provides a design level of 6.1 ppmv, and a standard of
12 ppmv. Over 95% of HC (RA) existing source conditions in the entire universe meet this level.

Note that the data discussed above may have certain limitations. Unlike CKs and LWAKS,
HWIs are not currently required to monitor HC under EPAs regulations. Emissions data were
obtained mostly for their own information. It is not clear in many cases if the data were obtained
using heated or unheated HC flame ionization detectors (FID). In unheated FIDs, soluble volatiles
and semi-volatiles in the stack gas are condensed out before entering the detector; therefore unheated
FID HC measurements may be biased low compared with heated FID detectors. Additionally,
much of the data is reported as averages over the entire test period, as opposed to the maximum
hourly rolling average period that is proposed for the MACT standards. However, the MACT
analysis has been conducted noting, but neglecting at this time, these limitations.

3.7.1.2 Carbon Monoxide
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Tables 3-20 and 3-21 summarizes CO (RA) and CO (MHRA) test condition data from
HWIs. CO (RA) are available from 59 facilities. CO (RA) ranges widely from 0.3 to 10,000 ppmv.
CO (MHRA) are available from 17 facilities, and range from 10 to 1,600 ppmv. As discussed
above for HC, CO is controlled from incinerators by maintaining good combustion practices including
providing adequate excess oxygen and fuel/air mixing, blending of wastes and fuels to avoid
combustion “spikes”, maintenance of high temperature and adequate flue gas residence time,
operation of the facility by qualified operators, periodic maintenance of burners, fuel and supply
lines, and injection nozzles to the recommended standards, and/or use of combustion gas afterburning.

The best performing sources have levels below 10 ppmv. As discussed above for HCs,
guantifying GCP-D/O/M used by the MACT facilities, and determining if other facilities use this
control, is difficult without a detailed evaluation of each test condition. Thus, the MACT floor,
again like HC, is based on engineering judgement and levels being achieved by the entire existing
source category universe. All CO data, by source test condition and ranked by condition average,
is shown in Figure 3-5. A discontinuity occurs at source 351C1, with a condition average of about
50 ppmv; higher emitting conditions to the right of this breakpoint source are not considered to not
be using GCP-D/O/M. All conditions to the left of the breakpoint source are considered as part of
the expanded universe (those with condition average levels below about 50 ppmv). Based on this
EU, a MACT floor design level of 52 ppmv, and a MACT standard of 120 ppmv is determined.
About 80% of existing facilities meet this standard.

3.7.2 Cement Kilns

Cement kilns that do not have bypass stack (almost exclusively long kilns) are currently
required under the EPA RCRA BIF regulations to:

. Control CO in the main stack to less than 100 ppmv (no limit on HC); or
. Control HC in the main stack to less than 20 ppmv (no limit on CO).

Cement kilns with bypasses (typically preheater and preheater/precalciner arrangements) can monitor
the bypass stack to comply with:

. Control of CO in the bypass to less than 100 ppmv (no limit on HC); or

. Control of HC in the bypass to less than 20 ppmv (no limit on CO).

Note that for kilns with bypasses, there is no current regulatory requirement for controlling stack
emissions of either CO or HC, therefore there is no associated MACT floor at the stack for either

CO or HC.

3.7.21 Main Stack
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Hydrocarbons — Tables 3-22 and 3-23 summarize HC (RA) and HC (MHRA) stack gas
emissions from CKs. HC (MHRA) condition averages range from 5 to 100 ppmv. HC stack gas
levels may be due to generation from both the main flame and waste combustion and from low
temperature desorption from raw materials as they heat up in the counter-current CK operation.
Thus, HCs in the main stack can be controlled through both the use of good combustion practices at
the main flame burner and waste combustion locations and use of raw materials that are low in
organic content.

The definition of MACT for HC in CKs ideally may include the use of raw materials with
low organics content and/or combustion related parameters of the main flame burner and waste
combustion locations. However, due to the absence of this type of information, the definition of
MACT and screening of the universe to identify the MACT EU was not performed. Instead, the
floor is proposed at the current EPA RCRA BIF standard of 20 ppmv. Note that most of the kilns
are able to comply with the current BIF standard of 20 ppmv based on the BIF trial burn compliance
tests contained in the EPA HWC emissions database. However, the database does contain some
facilities with levels above the 20 ppmv standard. This is because under the original BIF rule, a site
specific HC limit was allowed where HC emissions could exceed 20 ppmv; under this compliance
option it had to be demonstrated that the HC emissions levels were not influenced (increased) by
the addition of burning hazardous wastes compared with baseline non-hazardous waste burning
HC levels. However, subsequent litigation vacated this option provided in the original BIF rule.
Since these BIF trial burn compliance tests, five kilns that were unable to meet the 20 limit have
taken steps to reduce their HC emissions below 20 ppmv by either raw material substitution of the
problematic feed stream(s) or improved combustion at the hot end.

Carbon Monoxide — It is inappropriate to set a limit on stack gas CO levels for CKs. CO
that is present in the flue gas at the main stack may be generated from conditions unrelated to the
combustion efficiency of the burning of hazardous wastes and fuel at the hot-end main flame,
therefore CO can not be used as an indicator of the combustion efficiency. Instead, CO may be
generated from the internal kiln process chemistry involving both limestone calcination which
produces high levels of GQvhich dissociates at high sintering conditions and low temperature
evolution from organics in raw material feedstocks. Tables 3-24 and 3-25 summarize CO (RA) and
CO (MHRA) levels from hazardous waste burning CKs. CO (MHRA) condition average levels
range widely, from 50 to 3,000 ppmv. Only a couple of the facilities were able to certify compliance
with the BIF CO standard of 100; instead, they complied with the alternative standard that allowed
CO to exceed 100 if the HC was below 20 ppmv.

4.7.2.1 Bypass Stack

Most preheater and preheater/precalciner arrangement cement kilns are equipped with bypass
ducts where a portion (typically 5 to 30%) of the kiln exhaust is diverted to a separate air pollution
control device, and sometimes, to a separate stack. The gases are diverted to avoid the build-up of
alkali metal salts that adversely affect the kiln operation.

Unlike the stack gas, the bypass stack gas HC and CO levels may be representative of kiln
combustion efficiency (not affected by raw materials desorption at low temperature and resulting
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evolution of unburned HC and CO, or CO formation from high temperature calcination process).
Tables 3-26 through 3-29 summarize bypass pass data for HC and CO (also shown in Figures 3-6
through 3-9). As like the current EPA RCRA BIF regulation, bypass stack standards are set on both
CO and HC; however, also like BIF, compliance can be achieved by meeting either one of the
limits. AMACT HC bypass stack floor standard is determined to be 6.7 ppmv with a corresponding
design level of 5.1 ppmv (based on a statistical analysis of the MACT EU determined as all sources
with condition averages below the “breakpoint” source 316C2, shown in Figure 3-7). A MACT
CO bypass stack floor level of 100 ppmv is proposed; this is based on the current BIF standard. All
but one kiln can meet the HC level. Half of the kilns can meet the CO level.

3.7.3 Light WeightAgaregate Kilns

3.7.3.1 Hydrocarbons

Tables 3-30 and 3-31 summarize HC (RA) and HC (MHRA) emissions from LWAKs. HC
(MHRA) levels range from 3 to 13 ppmv (also shown in Figures 3-10 and 3-11. The BIF rule limits
HC levels to 20 ppmv when CO exceeds 100 ppmv. HCs are controlled from LWAKS, exactly like
that discussed for CKs, by maintaining combustion efficiency (good combustion practices) at the
main flame burner and utilizing raw materials low in organics content. The best performing sources
use good combustion practices to control HC. However, like incinerators and CKs, MACT has not
been quantitatively defined. Based on an evaluation of the entire set of HC (MHRA) data, a
breakpoint at source 312C1 with a condition average of 6 ppmv is determined; sources with higher
condition averages are not considered to use MACT. Based on the statistical evaluation of the
MACT EU (consisting of all conditions with averages less than 6 ppmv), a MACT floor design
level of 6.4 ppmv and a MACT standard of 14 ppmv is determined. All but one LWAK facility
currently meets this standard. Itis not clear if the elevated HC levels are caused by operating under
poor combustion conditions or from high levels of organics from the raw materials.

3.7.3.2 Carbon Monoxide

Tables 3-32 and 3-33 summarizes CO (RA) and CO (MHRA) emissions from LWAKs. CO
(MHRA) levels range from 3 to 1,300 ppmv (also shown in Figures 3-12 and 3-13. The BIF rule
currently limits the emissions of CO from LWAKSs to 100 ppmv; however, the BIF rule provides an
alternative standard that allow higher CO levels if HC levels are less than 20 ppmv. CO in LWAKs
is controlled by maintaining good combustion conditions at the main flame burner and waste burning
locations. The best performing sources control CO by maintaining good combustion conditions;
however, like discussed for incinerators, MACT has not been quantitatively defined. Evaluation of
the plot of all CO (MHRA) data in Figure 3-13 shows a curve discontinuity at a source test condition
average of about 120 ppmv (source 310C1). All source conditions with levels above 120 ppmv are
not considered to be using MACT (only one source test condition). Statistical analysis of the
resulting MACT EU provided a MACT floor design level of 120 and a MACT standard of 270
ppmv. All except one of existing sources can meet this level.
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3.8 SUMMARY OF EXISTING SOURCE FLOOR LEVELS

The MACT floor design and standard levels based on the statistical analysis of the MACT
EU for existing sources are summarized in Table 3-34. Note that these levels have not been selected
in all cases as being representative of the MACT floor. See the preamble of this rule for a discussion
of the proposed MACT floor levels.

3.9 PLOTS OF ENTIRE UNIVERSE AND MACT EXPANDED UNIVERSES
Plots of the entire universes for each HAP and source category combination, as well as plots

of the 6% MACT floor expanded universes, are shown in Appendix F, ranked by condition average.
These plots are graphical presentations of the Tables in this section.
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